Human excrement (faeces and urine) contribute only small amounts to the volume of domestic wastewater volume but they are one of the main causes of water pollution. On the other hand, they also contain nutrients that are valuable to be reused as anthropogenic fertilizer. Through a proper collection, treatment and hygienisation process, the nutrients can be recovered from the wastewater. In order to get to know the potentials for nutrient recovery and reuse in Indonesia, a source separation domestic wastewater system has been built in a case study area and shows promising results so far. By using urine diverting toilets, up to 86 % Nitrogen, 21% Phosphorous and 69 % Potassium from urine and 12 % of Nitrogen, 68 % of Phosphorous and 20 % of Potassium from the faecal matter respectively are recovered.
Introduction
Domestic wastewater usually constitutes mostly organic and inorganic matter, pathogenic bacteria and heavy metals. In high concentration, these substances cause problems in surface water and are potential pollutants that have to be removed in the wastewater treatment plant. On the other side, domestic wastewater also contains principally valuable nutrients that would be valuable for agriculture purpose (Esrey et al., 2001 ), especially nitrogen (N), phosphorus (P) and potassium (K) that are contained mostly in human urine and faeces (Jönsson et al., 2004) .
The conventional sewerage system -which is still very common in Indonesia -mixes pathogenic bacteria with the valuable and reusable substances. These nutrients would not unrecoverable if they are diluted with the large amount of domestic wastewater in the conventional sewerage systems. Large-scale centralized wastewater treatment is not an economical option particularly for people living in rural areas or low income urban areas. It is costly and resource-consuming to construct, maintain, and upgrade sewerage systems and treatment plants to satisfy ever increasing requirements for effluent and sludge quality.
On-site treatments for domestic wastewater such as septic tanks or pit latrine are also not recommended as they could pollute the groundwater if not properly designed and well managed. For densely populated areas, it is problematic in Indonesia because septic tank is usually located under the toilet which is built close to the well. Nevertheless, septic tank is still common in Indonesia, of 70% of Indonesia's population having access to basic sanitation facilities; around 40 % are still using septic tanks to treat their household wastewater (UN, 2004) . The partially-treated, or untreated, effluent from the household sanitation facilities typically flows into open drains or directly into water bodies. Therefore, Indonesia needs to look for other options to reduce water pollution.
There are three basic important principles of Ecological Sanitation (Esrey et al., 2001 ):
• Prevention of pollution and disease caused by human excreta;
• Treatment of human excreta as a resource rather than as a waste product; and • Recovery and recycling of the nutrients.
A decentralized wastewater management with separation system at the source would be recommended to keep the pathogens from human excreta out of the water in order to prevent water pollution. Source separation system differentiates the domestic wastewater into three types based on the characteristic of their contents: 1. Brownwater (faeces with/without toilet paper and flush water) 2. Yellowwater (urine with or without flush water) 3. Greywater (wastewater without urine and faeces) For some source separation systems, brownwater and yellowwater combined are called blackwater.
The biggest fraction volume of the domestic wastewater comes from greywater while blackwater from toilet (urine and faeces) contributes only a very small part. However, greywater has the lowest concentration of nutrients, so that it can be treated to a high quality using simple techniques such as gravel filters and biofilm procedures and is thereafter ready for reuse.
The main nutrient contribution of nitrogen (N), phosphorous (P) and potassium (K) originates from the urine fraction followed by the faecal fraction. These nutrients are valuable to be reused as anthropogenic fertilizer on agriculture and they are possible to be recovered from wastewater if source separation concept is applied. This concept allows adequate treatment of different flows in domestic wastewater management at the source. If a sufficient collection of urine is established in the source separation system, emission of nitrogen and phosphorus to water is decreased by 55% and 33% respectively (Jonsson, 2001) . With this wastewater load reduction, eutrophication in water bodies could be greatly avoided and less N and P elimination process is required in the central sewage plant. Furthermore, by reusing nutrients from blackwater for agriculture, a lot of energy is conserved since a lot of chemical fertilizers can be replaced. In this way, Ecological Sanitation is an alternative solution that could make organic residuals from domestic wastewater useful in the production of food to feed the growing population.
Case Study in Indonesia
As a preliminary study of implementing Ecological Sanitation concept in Indonesia, a pilot plant of urine diversion toilet is built in a densely populated urban area in Surabaya, East Java. Surabaya is the second biggest city in Indonesia, has a population about 3 million people and is currently facing very complex problems due to the fast growth of industry development which simultaneously creates urbanization.
At the pilot plant, the household wastewater is separated at the source between brownwater, yellowwater and greywater. One unit of urine pour-flush diversion toilet is installed and used to separate the yellowwater and the brownwater. Figure 1 shows how the pilot plant of the case study works. It has circular flow of water and nutrients so that it will be able to save water resources and reuse the nutrients for agricultural purpose.
The urine diversion toilet is built in an office building with 10-15 employers. The toilet is used by the workers during the working hours, and during the night, it is used by 2-3 workers. Table 1 below shows the nutrient's proportion from the Surabaya pilot plant based on the assumption that every person produces 120 l greywater, 1 l yellowwater and 0.2 kg brownwater daily. Under the urine diversion toilet, the separated yellowwater is put in a tightly closed storage tank at room temperature for 6 months for hygienic reasons. Before using the urine as fertiliser, it has to be guaranteed that the urine is free from harmful micro-organisms. From the microbiological aspects, the remaining pathogenic organisms in urine is caused by a faecal cross-contamination (e.g., Jönsson et al., 1999; Esrey et al., 2001), which are found to die off during 6 months storage (Höglund, 2001; Vinnerås, 2002) .
The separated brownwater were collected in a solid-liquid separation tank. Thus the liquid and solid part of the brownwater will be separated by a fish net hanging in the tank. The liquid part flows through towards a small constructed wetland for further treatment. The remaining solid part is treated separately to produce a relatively safe anthropogenic fertilizer. For safe reuse of human faeces, the destruction of pathogens is compulsory (Peasey, 2000; Esrey et al., 2001 ). One of the methods for pathogen removal is vermicomposting. It is a biological decomposition and stabilization process of organic materials by which they are converted into humus with the use of specific types of earthworms. The earthworms derive their nourishment from microorganisms that consume the organic materials. At the same time, they promote further microbial activity in the residuals so that the faecal matters or "casts" that they produce, is much more fragmented and microbial active than what the earthworms consume. During this process, the important plant nutrients in the organic material particularly nitrogen, potassium and calcium are released and converted through the microbial action into forms that are much more soluble and available to plants than those in the parent compounds (Edwards, 1995) .
Material and Methods
A. Vermicomposting A small-scale vermicomposting experiment has been done on the separated brownwater from the urine diversion toilet. The remaining solid part of the brownwater are taken out from the solid-liquid separation tank and put into a small bucket. Then worms are put into the buckets for vermicomposting process. Two worm species are used: Lumbricus rubellus and Eisenia fetida. The bucket is then closed tightly by a plastic with holes to allow enough oxygen flow. Samples are taken on the 30 th day of the composting process for nutrient content and microorganism analysis.
B. Cultivation experiment
In order to assess the fertilizing effect from nutrients contained in urine and faecal matter, a preliminary cultivation was done on baby rose (Rosa Multiflora). This plant is chosen because of its rapid growth (2-3 month) and it can be planted in every season (rainy and dry season).
In this experiment, three plants were fertilized with different fertilizers: 
Urine
The urine dose is calculated based on the experience of Singh (2003) in India. He planted tomato and chillies with 200 ml urine without dilution, which was given to the plant once at the beginning. Since the users of urine diversion toilet in this research use cleansing water, it is assumed that the collected urine is 8 times diluted, which makes total dose of 1600 ml for planting. As the planting time is 8 weeks, the urine dose of 200 ml/week is applied.
Compost from faecal matter
The amount of faecal compost added should be based on the current recommendation for the use of phosphorous-based fertilizers (Vinneras et al., 2003), which is the same dose as the phosphate content in synthetic fertilizer (14%). The normal dose for Indonesian synthetic fertilizer is 1000 kg/ha or 0.1 kg/m 2 (Wiryanta, 2002) . The small pot used in this experiment has an area about 0.07 m 2 , which is equal to 7 gram of total synthetic fertilizer dose. Thus, the compost will be 7 grams divided by 14%, which is equal to 50 gram. Hence, a dose of 0.7 kg/m 2 of faecal compost are added to the soil.
Mixture of urine and faecal compost
The fertilizer dose is mixture of 200 ml/week for urine and 0.7 kg/m 2 for faecal compost. Each plant is grown in a small pot of 15 cm diameter (figure 2). Before added to the plant, the utrient content in each fertilizer was analysed (see table 2 ). n The growth of the babyrose plant was analysed based on two parameters: the height of the plant and the number of leaves.
Results and Discussions

Converting pathogenic faecal matter into valuable compost
After only 1 month of vermicomposting for wet faecal matter without toilet paper, a good quality of compost was produced, which is already complied with the Indonesian National Compost Standard. It has a C/N ratio of 11-12 and contains very low amounts of E.coli (100-200 MPN/gr). The smell is already similar to soil and the matter has no faecal appearance anymore. The final compost characteristics are shown in the following table and visualised in figure 3 (a) and (b). Since there are no significant differences between compost produced from different types of worms, both final product of vermicomposting are further used as anthropogenic soil conditioner on the next cultivation experiment.
Reusing human urine as fertilizer and faecal compost as soil conditioner
Planting baby rose plant with different fertilizers show no significant differences in increasing numbers of leaves in the first month of growth, but after two months, the highest numbers of leaves are achieved significantly from the plant using urine fertilizer (figure 4). Figure 6 below shows obviously that after two months, the application of urine fertilizer gives the best and fastest growth to the baby roses. Only those plants added with urine have flowers. It is caused by the fact that urine is a quick-acting fertilizer (Jönsson et al. 2004 ) and has higher nitrogen contents compared to other fertilizers (see table 2 ). The nitrogen found in abundance in urine is good for plant growth because it helps to build protoplasm, protein, promotes leafy and other components of plant growth (Morgan, 2004) .
The plant with faecal compost has more or less the same leaves number compared to the plant with mixture of urine and faecal compost. However, the former plant doesn't bloom any flower. It is occurred because urine and faecal matter are well supplement each other. Another reason is the fact that faecal matter is a slower acting fertilizer. The nutrient content in faecal matter is considerably lower than that in urine, especially the amount of plant-available nitrogen. The main contribution from the faecal matter is the content of phosphorus and potassium and the increase in buffering capacity of the soil (Vinneras et al, 2003) . Phosphorus is important in the root formation, ripening of fruits and germination of seeds, while potassium is essential for promoting good fruit (and flower) development (Morgan, 2004 ). The potential of nutrient reuse from human excreta on agriculture The nutrients collected in blackwater from urine diversion toilet show that the majority of potential fertilizer is found in urine, while the second largest contributor of nutrients is faecal matter. The percentage compositions of the collected urine and faecal matter in this study are similar to other investigations using urine diversion toilets, except for phosphorous content. In this study, urine contains less phosphorous than faecal matter, while the others have contrary condition. Urine and faecal matter from the Surabaya pilot-plant in Indonesia contain very high amounts of Nitrogen. Annually 35.4 kg total Nitrogen is collected from one person. It is about 10 times higher than the production from other countries.
Different diet behaviors are considered as the reason for this difference. Dairy products (including yoghurts and milk), meat, and fish are particularly rich sources of phosphorus. These kinds of food are not very common to most of the low-income population because they simply can not afford it. People living in the case-study area mostly eat tofu, tempeh (both are made from soybean which have a high protein content), eggs or fish. Proteins from these foods contain high amounts of amino acids which are the biggest source of Nitrogen. The total nutrients content in urine is significant when compared with other mineral fertilizers used in agriculture (Austin and Vuuren, 2002) . Human beings eat food corresponding to about 250 kg of cereals annually to fulfill the body´s nutritional requirements (Drangert, 1998) , and nutrient content collected from human urine and faecal matter should therefore theoretically be about enough to fulfill the corresponding fertilizer demand.
CONCLUSIONS
Although produced in a small daily amounts, human excreta (urine and faecal matter) contains high amount of nutrients which can be recovered as valuable resources in agriculture. By using a urine diversion toilet, urine and faecal matter are collected and treated separately in a pilotplant scale in Surabaya, Indonesia. Instead of discharging to water bodies or letting the pathogenic bacteria from faecal matter diluted in huge amounts of domestic wastewater, urine and faecal matter could be converted into a safe natural anthropogenic fertilizer through a proper treatment and hygienisation process. Small-scale cultivization experiments with baby rose plants have been carried out, and it is revealed that human excreta (urine and faecal) which has undergone hygienization process, show a good potential to be reused as anthropogenic fertilizer.
In this case study, the urine composition shows that up to 31 kg Nitrogen, 0.4 kg Phosphorous and 1.7 kg Potassium are produced per person annually. The second largest nutrient content is found in faecal matter which produces 4.4 kg Nitrogen, 1.3 kg Phosphorous and 0.5 kg Potassium from one person annually. The vermicomposting experiment on wet faecal matter without toilet paper produces a good quality of compost, which is already compiled with Indonesian National Compost Standard.
However, more research is still needed to optimize the implementation of Ecological Sanitation Concept in other regions in Indonesia. These will give more representative data to decide whether or not this source separation concept is sustainable for the majority of the country.
